* Throughout this paper, " w e" and " u s" relate to Mr. Hipkins and myself jointly, and all measurements of numbers of vibrations made by us rest on the judgment of Mr. Hipkins's ear with respect to the position of the note heard between two forks, of which I had previously determined the pitch, or their Octaves. 369 tempered Semitones, or parts of such. Semitones, ai'e contained in the interval, so that he can realise it somewhat, as compared with the notes of a modern piano, which are intended to* be tuned in equal temperament.* This transformation is easily effected by the follow ing brief table, premising that for brevity I use cent for'the hundredth part of an equally tempered Semitone, of which there are twelve to the Octave.
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II. " Tonometrieal Observations on some existing Non-harmonic Musical Scales." By A l e x a n d e r J. E l l i s , B.A., F.R.S. assisted by A l f r e d J. H ip k t n s (of John Broadwood and Sons). Received October 30, 1884.
Musical Scales are said to be Harmonic or Non-harmonic according as they are or are not .adapted for playing in harmony.
Most accounts of non-harmonic scales, such as the Greek, Arabic, and Persian, either (1) are derived from native theoreticians, who give the comparative lengths of the strings for the several notes, whence, on the assumption that the numbers of vibrations are inversely proportional to the lengths (which is only approximately correct in practice), the intervals from note to note are inferred; or (2) are attempts to express the effects of the intervals by the European equally tempered scale. The former when reduced, as in Professor J. P. N. Land's " Gamme Arabe," 1884, is the best that can be done without hearing the scales themselves. The latter is utterly delusive and mis leading.
Having about 100 tuning-forks, the pitch of each of which has been determined by Scheibler's forks (see " Proc. Roy. Soc.," June, 1880, vol. 30, p. 525) , and having had an opportunity of hearing the notes themselves produced on various instruments, and having had the great advantage of being assisted by Mr. A. J. Hipkins's musical ear, which is wonderfully aeute to detect and estimate minute differences of pitch, and without which I could have done little,* I have been able, I believe for the first time, to take down the actual pitch of the notes in various existing non-harmonic scales far better than it was possible to do with the siren or the monochord, which are not only difficult to manipulate and to carry about, but at the best are very apt to mis lead. Where it was impossible actually to hear the sounds, I carefully measured the comparative vibrating lengths of the strings producing the notes on fretted instruments, whence, with by no means the same certainty, the scales could be inferred. But I have not here noted these measurements or their results, unless I could contrast them with the intervals obtained by measuring the actual pitch of the note3 pro duced on the instruments themselves, as in the cases of India and Japan.
But the mere statement of the numbers of vibrations, or of the vibrating lengths of the strings producing a scale, conveys no musical notion whatever to a musician. He wants to know how many equally tempered Semitones, or parts of such. Semitones, ai'e contained in the interval, so that he can realise it somewhat, as compared with the notes of a modern piano, which are intended to* be tuned in equal temperament.* This transformation is easily effected by the follow ing brief table, premising that for brevity I use cent for'the hundredth part of an equally tempered Semitone, of which there are twelve to the Octave.
To convert tabular logarithms into cents, and conversely- take the logarithm of the interval ratio and seek the next least in the first column of the table; then the next least to the difference, and so on, taking the cents opposite. Generally it suffices to take to the nearest cent, as that expresses an insensible interval. Thus, if the numbers of vibrations are 440 and 528, the difference of their logs, is '07918 ; the next least in the first column, '07526, gives 300 cts., with remainder, '00392 ; the next least to which in the second column,-'00251, gives 10 cts., and remainder, '00141; the next least to which in the third column, '00125, gives 5 cts., and remainder, '00016, which in the fourth column gives '6 ct. Hence the interval is 315'6 cts., for which usually 316 cts. is sufficient to write. Now this shows that the interval contains 3 equal Semitones, and 16 hundredths of a Semi
In each scale I give the measured number of vibrations with, occa sionally, the millimetres in the vibrating lengths of string, the cents in the interval from note to note, and the sum of those cents from the lowest note to the note considered. From the latter, considering the lowest note to be c in all cases, it is easy to deduce the name Of the nearest equally tempered note, and show how many cents must be added to it or subtracted from it to give the note heard, by remem bering that- It must be borne in mind that I give the actual intervals heard from or measured on actual instruments, and that these, we may safely say, never represent the intervals intended by the tuner, within from 5 to 20 cents either way, on account of the extreme difficulty of precise tuning, especially when the intervals are non-harmonic. European ears are at present satisfied, on our theoretical equally tempered scale, with Fifths too flat, and Fourths too sharp by 2 cts.,. with major Sevenths too sharp by 12 cts.; major Thirds too sharp by 14 cents, and major Sixths too sharp by 16 cents, while of course the minor Sixths are 14 cts. too flat, and the minor Thirds 16 cts. too flat. That is to say, these would be the errors if the tuning were perfect. The practice, as I have determined by actual measurement, is neces sarily far from being restricted to these limits. Hence the results here given have to be compared with many other results from other instruments of the same kind, tuned by different tuners before the intended intervals could be, if they ever can be, satisfactorily deter mined. In the meantime we know that native ears have actually been satisfied by the intervals here given.
It must also be remembered that as the tones heard were often exceedingly brief (as from wood harmonicons), or very impure, being mixed with inharmonic proper tones (as from metal harmonicons, kettles, gongs, &c.), it was generally impossible to count beats, and often even exceedingly difficult to tell within what pair of forks the note heard really lay, so that there is a possible error of two vibrations occasionally, but, thanks to the acuteness of Mr. Hipkins's ear, it is not probable that the error at any time exceeds one vibration in a second. The number determined is therefore purposely given Only to the nearest integer.
I. A rabia and S yria.
The theoretical account of Arabic scales is admirably given in Professor Land's " Gamme Arabe." It there appears that one Zalzal, more than a thousand years ago, being dissatisfied with the ordinary division of the Fourth, as-. The tempered form, therefore, coincides with the Damascus form of Zalzal's scale, which I did not discover till long afterwards. The theory of this scale is lost, but it is usual to make g' to a' rather less than a whole tone, while the two drones, an Octave and two Octaves below a', necessitate a pure Fifth, a' 702 e". Zalzal divided a Pythagorean minor Third of 294 cents into 151 and 143 cents; the modern instrument divides the just minor Third 316 cents, probably, into 151 and 165 parts. We thus get a possible rationalised form of the bagpipe scale, the first attempted, so far as I know. As usual in bagpipe music, I begin the scale on a'. I have calculated the vibra tion to the same base a' 441 vib., for both tempered and rational vibra tions, to show how close they are to the observed :-nationalisation of the Bagpipe Scale. 
II. I ndia.
There are two distinct kinds of scales in India, those of harmonicons, most probably from hill tribes, and those of the stringed instruments belonging to the conquering race.
Balafovg from Patna in the South Kensington Museum, a wooden harmonicon strung over a beautifully carved case, consisting of 25 bars (of which we measured 14) containing 3 Octaves and 3 notes. The Roman numerals II, III, &c., indicate the successive bars, I was not measured. Observe IV 356 cents, and VII 856 cents, which compare with Zalzal in I. A rabia. All the Octaves were too sharp. The old Indian stringed instrument is the Vina with frets to - §-inch high, so that by pressing the string behind the fret the pitch can be greatly altered. These frets are shiftable, but are usually fastened with wax. I measured the vibrating lengths of string of many, but I consider the resulting scales not sufficiently trustworthy for record here. This pressing behind the fret is constantly employed to sharpen the pitch by a quarter or half a Tone. The modem Sitdr, which has practically superseded the Vina, is a very long-necked guitar with movable frets. These frets are set for the rag or ragini (tune, key, or mode) in which the musician is going to play. They are high enough above the finger board to allow pressure behind to exert a sensible effect, but the ordinary method of raising the pitch is to deflect the string by moving the finger with the string transversely along the fret. As, however, the frets are properly set, this deflection is used only for grace notes at the end, suddenly raising the pitch about a quarter of a Tone and returning it to its former position.
H.H. Raja Ram Pal Singh was kind enough to bring his sitar (which he left with me), and setting it in five different manners to play Indian airs to us. After he had done so I measured the position of the frets, so that I could return them to their places. Afterwards we sounded each note, took its pitch, and determined the scale by my forks. This, I believe, is the first time that this has been done for any Indian instrument. The pitch for the open string was not the same as that used by the Raja, for these measurements were not taken till long afterwards, but the relative pitch remained the same. This string, which w;as an English pianoforte steel wire, replacing the Indian steel wire which was broken, was too thick, and this interfered somewhat with the. setting. As I had calculated the intervals in cents from the vibrating lengths, I add these also in millimetres to show how unsatisfactory are the results thus obtained. I would draw attention to the great difference in all cases between the two last intervals, I to V II, and I to V III, as calculated from the lengths of the strings and the number of vibrations. This arose from the string lying naturally further above the frets for the last notes, and hence the tension being more increased by pressing the string to the fret. Also observe how nearly III approaches to 350 cents in the first, fourth, and fifth settings, and VI to 850 cents in the first, second, and third settings, taking all from the intervals heard. The Indian system of scales is very complex, and differs much from the Euro pean.
III The tempered form is given to show that this is one of the Quartertone systems, and the tempered vibrations were calculated to show how near they are to the observed. The sums in the first line have been found by subtraction from that under VIII, which was assumed to be the same as that under XV. The different construction of the corresponding parts of the Octave is thus shown.
The Keay Wine in South Kensington Museum consists of 15 kettles or gongs resembling the Javese bonangs, arranged in a circle. Ill* was cracked, and its pitch is doubtful, as was also that of V*. II and III*, as the latter stood, were practically identical. The kettles were probably all out of tune.
V. S iam. The Hanat in South Kensington Museum is a wood harmonicon with 19 bars, scale wrongly described in " Engel," p. 316. Bar XIII* was of a different kind of wood, and had evidently been inserted as a substitute for the Octave of VI, but was too sharp. where the tempering shows that the scale belongs to the system of Quartertones. VII. J ava. The scales were observed from the instruments of the Javese Gramelang or band, at the Aquarium, in November, 1882, and formed the commencement of these investigations. We were materially assisted by work done on the same instruments (but without deter mining pitch) by Mr. W. Stephen Mitchell, M.A., of Gonville and Cains College, Cambridge, and by determinations with the monochord of similar instruments in Holland by Professor J. P. N. Land (who also gave me much information), assisted by Dr. Onnes, both of Leyden. Professor Land also kindly communicated the results of the measurements by Dr. Loman and Dr. Figee, both of Leyden. These measurements of distinct instruments are annexed in a re duced form.
There are two entirely different Javese orchestras which cannot play together. We examined three sets of instruments from each-the Gambang, or wooden harmonicon, the Sdron and Slentem, or metal bar harmonicons, and the Bonang, or set of kettles-while in Leyden a Gender (another metal harmonicon) and a different Sdron were examined.
The first orchestra played S a l e n d r o, the second Pel Pentatonic; but, as will be seen, completely different. The first had only five notes in the Octave, the second had seven, but used only five at a time, just as Europeans have twelve, but use only seven at a time. The first has no interval between consecutive notes so small as a major Second, or so large as a minor Third. The second has between two consecutive notes of its seven, approximatively two Semitones, (no Tone), three Three-quartertones, and two minor Thirds. The first is very uniform, the second very diverse in its intervals. This tempered form seems to have been that aimed at. It is easily tuned when the ear has become accustomed to the flat Fourth of 480 cents. Tune up I 480 III, and III 480 V. Then from the Octave V tune down I'-480 IV, and IV-480 II. Observe that the Fourth is flat and the Fifth sharp, and that V is nearly the natural harmonic Seventh of 969 cents. These are also points of distinction from the next set. P51og..................... After giving the three sets of vibrations observed I give that adopted, which is the mean of the second and third set, as the Grambang was evidently rather out of tune, and then the scale of all the seven notes answering to the chromatic scale of our pianos. Then follow the names of the scales really used, formed by selecting five notes from these. Pelog and Dantsoe (pronounce Dutch oe as our oe in shoe') are given only from our own observations. In Bern and Barang, Dr. Loman's observations made with the monochord in 1879 on another set of instruments are added in a reduced form. These four scales are certain. Miring and Menjoera (pronounce Dutch joe like the English word ) are conjectural restorations from imperfect indications communicated to me by Professor Land. Finally, I have added a rather hazardous tempering, and shown by calculating the vibrations from it, that it does not materially mis represent the observed. In these scales the Fourth, IV 575 cents, is nearly the tempered Tritone 600 cents, and the Fifth, V 687 cents, is flatter even than the tempered Fifth 700 cents. This is exactly contrary to the Salendro scale. Vet I observed one of the players selecting the right bar for his scale by holding it up and tapping it with his finger, showing that the pitch was quite familiar to him. V III. China. Without entering upon any discussion on the very vexed question of Chinese music, I confine myself to giving the scales which (by the kind permission of Mr. J. D. Campbell, one of the Commis sioners of Chinese customs representing China at the International Health Exhibition this year, and with the assistance of the secretary, Mr. Neumann), we were able to have played to us by the Chinese musicians attached to that court, in July and August, 1884, at four specially arranged meetings, on their own instruments, together with observations on a duplicate of one of them at the South Kensington Museum, and a set of bells belonging to Mr. Hermann Smith. Here again there is no approach to a Fourth of 498 cents, or a Fifth of 702 cents.
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5. Second Chime of Small Gongs or Yan-lo, in the S. K. Mus., " Engel," p. 193, who describes the scale wrongly. Although the instrument is of the same appearance as the last, the scale was entirely different, and the compass did not reach 750 cents. We seemed to make out three possible scales which are annexed, but we have no means of knowing if they were designed. One extends to a sharp and another to a flat Fifth, whilst the third reaches an exact Fourth. I 738 VII, the complete compass, is exactly the 49th harmonic reduced to the same Octave, which is of course only a curious coincidence.
6. Dulcimer or Y a n g -c h i n, exactly like the ordinary dulcim (see figure in Grove's " Dictionary of Music," i, 469), with four wires to each note forming two Octaves, the longer wires passing under the bridge which limits the shorter. It is struck with elastic hammers. The instrument being out of tune was tuned for us by the musician who played No. 7, according to the Chinese names of the scale in Dr. William's Middle K i n g d o m , which are th as the major scale of F^. If the conjectural just scale be would be the scale of B\> major, beginning on its second note 0, and is therefore comparable to the Japanese R'itsusen, which is the scale of G major begun on its second D.* The I 313 II is nearly a perfect minor Third of 316 cents. The III and IV give almost precisely the Javese Salendro observed III 484, and IV 728, so that the interval between them, 244 ceuts, is almost precisely a Pentatone of 240 cents, or Octave. If indeed II were flatter, the notes of the bells might pass as part of such a scale.
IX. Japan.
In the Educational Section of the International Health Exhibition of 1884 there was a considerable collection of Japanese instruments, but there were no players. The only instruments which we could try therefore were a Sho (the Chinese sheng (see China, 3), but different in the number and pitch and intervals of the notes) and a Biwa, or four-string fretted lute. The Sho we found to be out of tune, as referred to the scale exhibited, and to be impossible to blow satisfactorily. The Biwa I first tried by measuring the lengths of the strings, and afterwards with Mr. Hipkins, by tuning the strings arbitrarily and taking the pitch from each fret. These results I record, because in addition to the examples from India, they show very well that measurements of lengths are only an approximation to the speaking values of the strings, and that the latter vary considerably with the thickness of the strings. This has an important bearing upon the theoretical determination of scales given by the divisions of the string. The results for India were valuable in this respect, but they were not altogether satisfactory, because the string was English and too thick. In the present case we had the genuine Japanese strings.
The Biwa is a large and heavy but handsome instrument, well made and finished, and answers exactly to A1 Farabi's lutein Professor Land's " Gamme A.rabe," the four strings nearly coinciding at the nut, passing over a semi-circular depression to the large tuning pegs, and spreading out to a convenient distance apart by the bridge, so that the plectrum, made of hard wood, spread out like the head of a halbert, could easily be inserted between the strings, or pass over them in rapid succession for arpeggio chords for which the instrument seems to be much used in accompaniments, judging from some music written for it in Japan, on the European staff, the original of which I saw. The diameters of the strings, which seemed to be of hardcorded silk, taken by one of Elliott's micrometer gauges, were 1/65 P37, TOG, and 0'88 mm. in diameter respectively. The variations of interval, however, with the thickness of the string appear not to follow any precise law. The frets were high and about 5 mm. wide of the top, made of hard wood. I was very careful to press on the top of the fret, so that the tension of the string might not be increased, and the action should take place from the edge of the fret nearest the bridge. But possibly I may not always have pressed near enough to the edge, so that the string was slightly lengthened and the pitch flattened. Of course nothing like such accuracy would be reached by the player.
